ABSTRACT Introduction: Rheumatic heart disease (RHD) is a chronic disease affecting the heart valves, secondary to group A streptococcal infection (GAS) and subsequent acute rheumatic fever (ARF). However, RHD cure and preventative measures are inextricably linked with socioeconomic development, as the disease mainly affects children and young adults living in poverty. In order to address RHD, public health officials and health policymakers require up-to-date knowledge on the epidemiology of GAS, ARF and RHD, as well as the existing enablers and gaps in delivery of evidencebased care for these conditions. We propose to conduct a systematic review to assess the literature comprehensively, synthesising all existing quantitative and qualitative data relating to RHD in Africa.
INTRODUCTION Background
Rheumatic heart disease (RHD) is a chronic inflammatory disease of the heart valves that usually results from recurrent episodes of acute rheumatic fever (ARF). ARF results from untreated Group A streptococcal (GAS) throat infection ( pharyngitis). [1] [2] [3] The clinical signs and symptoms of RHD typically present between the ages of 20 and 50 years. 1 This clinical period is preceded by a long latent period. RHD tends to be more prevalent in women than in men. In many cases, its first manifestation is during pregnancy, when physiological stress on the heart increases, and this increases the risk of poor fetal and
Strengths and limitations of this study
▪ The review implements a wide range of methods and data to comprehensively and accurately describe rheumatic heart disease (RHD) in Africa, taking into consideration the epidemiology, health systems constraints and stakeholders involved. ▪ The data will be systematically and rigorously assessed using the most recently published standard quality assessment tools for different study designs. The data ensuing from this review will ultimately inform healthcare policy around RHD in Africa. ▪ By casting a broad net, we will need to manage a wide variety of literature from different disciplines. We anticipate that reports from nongovernmental organisations and ministry of health documents will be important sources of information for public health planning, so that a broader more inclusive approach can be used for these data without the need for stringent criteria, for example, for systematic reviews of clinical trials. ▪ There will be significant heterogeneity in the case definitions, which may limit our ability to draw conclusions from the data, particularly objective conclusions. ▪ The methods for systematic reviews of qualitative research are less well developed, so our analytic approach will be focused on 'broad strokes' and common themes rather than nuanced ethnographic analysis.
maternal outcomes. 1 It is estimated that RHD is responsible for 233 000-294 000 deaths globally each year. 4 Primary preventative measures focus on treating GAS pharyngitis with benzathine penicillin in order to prevent ARF. 1 Secondary prevention measures focus on treating individuals with a history of ARF or RHD, using penicillin as prophylaxis against recurrent ARF and progression of RHD. Guidelines for primary and secondary prevention regimes differ between country and region. Individuals with symptomatic RHD may require a variety of medical or surgical interventions for repair, replacement or palliation of damaged valves. 1 However, the latent period of RHD poses significant barriers to clinical screening and preventative treatment because individuals are asymptomatic; in fact, up to 50% of individuals with RHD do not recall an episode of ARF in childhood. 5 Furthermore, many patients first present to care with advanced heart failure or with other complications, such as infective endocarditis or stroke due to atrial fibrillation.
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In low and middle-income countries (LMIC), RHD treatment and prevention is further complicated by lack of access to these interventions at different levels of care. Barriers to healthcare access include: limited community awareness, inadequate health literacy, inadequate health-seeking behaviour and lack of available, affordable and acceptable treatment options. 6 These frequently occur in the context of a public health and policy environment that does not adequately recognise and does not devote resources to RHD. 7 At the same time, RHD treatment and prevention measures are inextricably linked with economic status and social development: the disease was largely eradicated during the latter 20th century, in high-income countries. 8 On the contrary, in LMICs, and especially in African nations, RHD remains the most common cause of acquired heart disease, mostly affecting children and young adults living in poverty. 4 9 In order to address RHD, public health officials and health policymakers require information about the epidemiology of GAS, ARF and RHD. They also require specific contextual information about local, regional and national healthcare delivery patterns, and the various stakeholders who would be involved in programmes and policies to prevent and control RHD. This information is particularly important in African nations where RHD continues at a high rate, and resources for adequate prevention and control are especially scarce.
We propose to conduct a systematic review to assess the literature comprehensively, synthesising all existing quantitative and qualitative data concerning the epidemiology of RHD and related health system factors in African nations. We will combine a wide range of methods-further described in the data synthesis section-to paint a complete picture of the current state of RHD disease burden and clinical care. This scientific question by its nature makes our review different from a traditional systematic review. 10 11 Objectives Our systematic review has three objectives: (1) to quantify the burden of RHD, ARF and GAS in African countries; (2) to describe the patient and provider experience with GAS, ARF and RHD care within healthcare systems in these countries; and (3) to identify the types of stakeholders who currently are, or need to be, engaged when designing and implementing RHD programmes in African settings. These objectives are listed in table 1.
METHODS AND ANALYSIS
This review protocol has been published in the PROSPERO International Prospective Register of systematic reviews (http://www.crd.york.ac.uk/PROSPERO), registration number CRD42016032852. A Preferred Reporting Items for Systematic review and Meta-Analysis Protocols checklist has been completed and included as online supplementary material.
Inclusion criteria
We will include study articles-published from January 1995 to December 2015-that satisfy the following criteria as appropriate to each of the specified objectives:
Types of studies Objective 1: case series, cross sectional studies and cohort studies (retrospective or prospective). Objective 2: phenomenological and ethnographic (qualitative) studies, including both individual in-depth interviews and focus group discussions. Objective 3: studies that employ single or mixed methods combining any of the above study designs. We will also consider case reports of RHD programmes or policies in which stakeholders were identified and leveraged.
Types of study subjects Objective 1: individuals who reside in geographic regions confined to the African continent. Objective 2: individuals who utilise or provide RHD healthcare within health systems in African communities. ARF, acute rheumatic fever; GAS,group A streptococcal infection; RHD, rheumatic heart disease.
Objective 3: individuals with a vested interest in RHD within African countries (see 'case definitions', below).
Case Definitions
Objective 1 Group A streptococcal pharyngitis. In a symptomatic participant, GAS can be defined through the use of a clinical predictor rule such as the Walsh pharyngitis criteria, McIsaac decision rule and Centor criteria. [12] [13] [14] Alternatively, a microbiological test such as a throat culture or a rapid antigen test can confirm the presence of GAS in the pharynx of a participant. 12 To allow for local experiences with GAS and its sequelae, we will note the case definition used in each study and handle any heterogeneity due to different case definitions during the data analysis phase.
Acute rheumatic fever. The diagnosis of the first episode of ARF relies on a constellation of clinical features that follow the Jones criteria (1992) and its subsequent revisions. 15 We will use these criteria as our ARF case definition in this review, rather than the 2015 revision, as these are still being introduced into standard of care. 16 Rheumatic heart disease. Prevalence of RHD has in the recent past been defined by screening programmes of subclinical disease in asymptomatic populations, using different criteria. These criteria include those proposed by WHO in 2001, the World Heart Federation in 2012 and authors' criteria adapted for particular screening studies. [17] [18] [19] Hospital-based studies, however, focus on clinical disease in symptomatic populations. As far as possible, we will elucidate the diagnostic methods in either echocardiography screening studies or hospital-based studies.
We will adopt two case definitions for RHD (RHD as diagnosed by a clinician with echocardiographic confirmation or RHD with echocardiographic confirmation only) and explore statistically the impact of different diagnostic criteria on estimates of RHD prevalence.
Objective 2
We anticipate some variation in case definitions in studies of healthcare delivery. As we are not attempting to estimate population health but rather describe practices around healthcare, we will consider all studies in which participants have been clinically diagnosed with GAS, ARF or RHD. The case definition used in the study will be recorded during the data extraction phase and will be discussed in the analysis if it is deemed to have a substantial impact on interpretation.
Objective 3
In this study, we will define stakeholders as groups or individuals who have an interest, financial or otherwise, in the implementation or outcomes of healthcare policies, services, practices, processes and/or decisions. 20 We will consider any studies that clearly define stakeholders involved in any aspect of GAS, ARF and RHD.
Types of outcome measures Objective 1 We will seek estimates of one or more of the following epidemiological parameters: GAS: incidence of GAS pharyngitis and prevalence of GAS among cases of sore throat. ARF: incidence of ARF and case-fatality rate from ARF. RHD: incidence of RHD, prevalence of RHD, excess mortality from RHD, case-fatality rate from RHD and rates of non-fatal outcomes such as heart failure, stroke, infective endocarditis, atrial fibrillation and cardiac surgery and its complications.
Objective 2
We will seek descriptions of RHD healthcare utilisation patterns, specifically barriers and facilitators that may occur along a care pathway. Table 2 presents a conceptual model of the potential barriers and facilitators along this continuum incorporating 'supply' ( providers and systems) and 'demand' ( patients).
Objective 3
We will identify and characterise stakeholders and determine inter-relationships as described in the included studies. In the event that we do not find any studies of stakeholders per se, we will utilise the authors and affiliations of the studies from objective 1 and 2 to record information on the various RHD stakeholders identified by the authors of the included studies.
Exclusion criteria
Opinion, case reports and narrative reviews will be excluded. Systematic reviews will be retained temporarily to manually search reference lists, but ultimately excluded. Publications lacking primary data and/or adequate descriptions of methods will be excluded. Furthermore, if any study has been published in more than one journal/conference, we will exclude all but the most complete and recent version of the data set in question. All unpublished studies must have ethics approval to be considered.
Importantly, we will exclude studies published prior to 1995. The rationale for this date restriction is that we are seeking contemporary information on RHD, to inform programme development. We also note that echocardiography has only been widely used for diagnosis and screening of RHD in the past two decades. We anticipate that reports from non-governmental organisations and ministry of health documents will be important sources of information for public health planning, so that a broader and more inclusive approach will be used to review these data.
Search strategy and process
Two reviewers will independently screen titles, abstracts and full-text articles. Our primary searches will be conducted on PUBMED, EMBASE and the Worldcat database of dissertations. We will search conference proceedings of the Lancefield Symposia, the Pan African Society of Cardiology, the World Congress of Cardiology and the World Congress of Paediatric Cardiology and Cardiac Surgery, for additional publications and abstracts. We will also search Google Scholar. We will contact relevant departments in the Ministries of Health to obtain death notification data for mortality estimates. Also, experts and in-country university librarians in the field will be consulted to identify additional information such as relevant NGO reports and other unpublished work. Finally, the reference lists of all potentially identified papers will be manually searched for possible studies that were missed by our initial search. Search results from individual databases, reference searches and unpublished articles, will be imported and managed with Covidence (2013 Covidence).
DATA EXTRACTION AND ANALYSIS Data extraction and management
Two reviewers will independently appraise and extract data from each full-text article. Contradictions will be resolved through consensus. A third reviewer will act as an arbitrator where necessary. Using a standardised data extraction form, we will extract the following descriptive and outcome data from each study: ▸ Study identification: authors, year of publication. ▸ Eligibility criteria: inclusion and exclusion into the review. ▸ Study characteristics: study design, characteristics of study participants (ie, demographic information), length of participation, country, study setting (rural, urban, peri urban), number enrolled into the study.
▸ Case definition: see inclusion criteria. ▸ Details of the outcome measure: (1) GAS, ARF and RHD epidemiology, (2) Barriers and facilitators, (3) Stakeholders. ▸ Quality assessment: see below. ▸ Notes: general study comments.
Data synthesis and analysis

Objective 1
We will meta-analyse estimates of prevalence, incidence, case fatality and mortality for each of the conditions. Before any meta-analysis is conducted, heterogeneity will be assessed by (1) visualising the overlap of CIs in forest plots and (2) calculating the I 2 statistic, with caution taken in cases where I 2 exceeds 50%. 22 Inverse varianceweighted random effects models will be used on logittransformed prevalence and case-fatality ratios, and on log-transformed incidence and mortality rates. We will also explore reasons for heterogeneity, using subgroup analyses or random effects meta-regression on the following parameters: study location, year of study and case definition. If the data are limited or cannot be pooled due to substantial heterogeneity, the findings will be presented in narrative form.
Objective 2
We anticipate that the data relevant to the second objective will be predominately qualitative. Qualitative meta-analysis (meta-synthesis) aims to uncover similarities and differences across individual studies, and thus generate new insights and areas of inquiry, rather than reduce the findings of multiple studies to a series of pooled summary statistics. 23 Data synthesis will occur in three overlapping stages. First, we will code the findings of individual primary studies according to their meaning and content (ie, barriers and facilitators and their determinants). Second, we will organise the 'codes' into related areas to construct 'descriptive' themes. 24 These will be listed in a data display matrix based on our conceptual model (table 1) . Third, we will develop 'analytical' themes based on our insights, which can then be incorporated into an explanatory model of health-seeking behaviours and their determinants around GAS, ARF and RHD.
We also anticipate that some studies will present numerical estimates of barriers and facilitators, for example, the proportion of patients with RHD not taking secondary prophylaxis due to disease stigma. We will extract these estimates and present them in the data display matrix. If the number of repeated estimates and quality of the data for any barrier or facilitator are sufficient, we will conduct a quantitative meta-analysis, using methods similar to those used in objective 1.
Objective 3
We will create a list of the stakeholders, classifying them by organisational affiliation, qualification/expertise, group represented and impact on the deliberative process. The findings will be displayed in spoke-and-wheel diagrams, flow charts, or narrative form, depending on the nature of the data.
Missing data
Missing data for each study will be described and discussed as to the extent to which they could alter the results. Where deemed necessary, the studies' authors will be contacted to request for missing information.
Quality appraisal of included studies
We will assess the quality of included studies to evaluate for risk of bias related to the reliability of the estimates of the outcome measures of the study. A high-quality study is considered to have low risk of bias and a low quality study is associated with higher risk of bias. Our assessment of risk of bias will inform the evaluation of heterogeneity in the pooled analyses, especially for objective 1.
Objective 1
We will employ the modified version of the Newcastle-Ottawa Scale (NOS) for quantitative observational studies (see online supplementary appendix 1). 25 Briefly, the NOS criteria assess cross-sectional studies, cohort studies and case series reports on various items categorised into three groups: the selection of the study groups, the comparability of the groups and the ascertainment of the outcome of interest. To allow for relative comparison between the studies and reduce reviewers' subjectivity, we will add a quantitative scoring system to the risk of bias table to categorise studies as low risk, moderate risk and high risk. 25 
Objective 2
Evidence from qualitative studies will be evaluated using the 10 criteria adapted from the Critical Appraisal Skills Programme (see online supplementary appendix 2). 26 This grading tool implements the same broad principals of validity used for quantitative research, however, it puts them in a framework that takes into account the different aims and methods used in qualitative research.
DISSEMINATION
This protocol will guide a systematic review that generates three important areas of new knowledge. First, it will quantify the contemporary burden of GAS and its sequelae (ARF and RHD) in African settings. Second, it will provide a situational assessment of existing barriers and challenges around delivery of clinical care for GAS, ARF and RHD in African communities. Third, it will identify different stakeholders within the realm of RHD in African countries.
The information provided by this review will inform and assist stakeholders in identifying key areas of intervention, and designing and implementing evidencebased programmes and policies, at the local and regional level. With slight modifications to the search strategy, this protocol can also be used as part of a needs assessment in any endemic country.
A unique strength of our review is that it will draw upon a wide range of research methods and data sources, to comprehensively and accurately describe the opportunities for, and challenges to, RHD prevention and control in Africa. We will systematically and rigorously analyse and assess studies, using up-to-date meta-analysis/meta-synthesis techniques and the most recently published quality assessment tools.
Nevertheless, our review has several limitations. First, by casting a broad net, we will need to manage a wide variety of literature from different disciplines. We anticipate that lower-quality studies will be important sources of information for public health planning, so we will have to relax the usual stringent criteria used, for example, for systematic reviews of clinical trials. Second, we recognise that significant heterogeneity in the case definitions may limit our ability to draw conclusions from the data, particularly for objective 1. Third, the methods for systematic reviews of qualitative research are less well developed, so our analytic approach will be focused on 'broad strokes' and common themes rather than nuanced ethnographic analysis.
In summary, we anticipate that this review will provide comprehensive data on the epidemiology of GAS, ARF and RHD in African settings, with the additional lens of health systems and stakeholders. These data will inform key areas of intervention for research, practice and policy in endemic RHD countries.
